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Billions of Tonnes Carbon

1990

Efficiency Improvements and New Technology
Vitally Needed, Under-Emphasized

Assumes Significant Advances:
* Energy intensity
* Nuclear
 Renewables

Gap Technologies:
e Carbon capture and storage

* H, novel storage and advanced
transportation

* Nano/Bio-technologies
* Next generation solar

2010 2030 2050 2070 2090
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High and low carbon pathways

Current coastline

Theoretical carbon High emissions- S8
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Thanks to the World Business Council for Sustainable Development
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— WRE 1000 (IPCC)

Theoretical carbon
emissions profiles
published in IPCC 3
Assessment Report

& deforestation.

2002 IEA reported fossil
emissions plus correction
for unsustainable biomass

WRE1000 - we start planning now

WRE 450 - we started to act in 2000, or ...

i

>900 ppm Trajectory
Energy by 2050:

Coal over 2x, no Carbon
Capture & Storage (CCS),
some coal to liquids.

e Oil up 50%

e Biofuels make up 10% of
vehicle fuel mix.

e Electricity 1/3 of final energy.

¢ Renewables provide 1/3 of
electricity generation.
* Vehicle efficiency up 50%.

2000

2010

2020 2030

2040

2050
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<550 ppm Trajectory
Energy by 2050:

e Biofuels make up 20% of
vehicle fuel mix.

e Green Hydrogen in use

e Strong shift to electricity as
final energy (~50% final
energy).

e Largeincrease in nuclear.

 Renewables provide half of
electricity generation.

e Vehicle efficiency up 100%

e Sustainable biomass
practices
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Global Forecasts, Economics and Energy

Impact o« Population x GDP/capita x carbon/GDP

Billions Trillion (2000%) MBDOE

Average Growth / Yr.
2000 - 2030
™~

0.9%

2.8%

1950 1990 2030 1950 1990 2030 1950 1990 2030
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New Coal by the Decades

800
670
g 600 500
@)
= 400
© 221
200
O -
2003-2010 2011-2020 2021-2030
O Other Developing 43 90 128
OIndia 16 48 79
Bl China 150 168 226
O Transition 1 11 19
HOECD 12 184 218

Source: IEA, WEO 2004

>$1 trillion in capital
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Athabasca basm tar sand mlne :«H
10% bitumen by weight in the soil.
~ $30/barrel of energy required to re._ |
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We are running out of atmosphere much faster
than fossil fuels ... at all price points

Already _ Yetto be -
consumed consumed

80— Reserves .! Increasingly uncertain resources _
| Oil Shale

601 Tar sands
and heavy oll

o | L

Conv. GTL synfuels

I T Upstream emissions

CTL synfuels

40

Total GHG emissions
(g C eq. per MJ of final fuel)

N
o

l Fuel emissions

| | | l | | | | | | | | | | | | | | |

! 1 | ! ! | ! ! ! |
1,000 O 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000

Potential for liquid hydrocarbon production (Gbbl)

Source: Brandt and Farrell (2006) Environmental Research Letters (erl.iop.org)
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Energy Services in Quads

The Energy Efficiency Big Picture (United States)
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1e San Francisco Moscon

The Many Values of Efficiency:

$400,000 saved per year with new lights

Renewable and Appropriate Energy Laboratory - rael.berkeley.edu



N
‘ . . " ™
PGSE ~- Take action with ClimateSmart
Climate and make your energy use
Smart’ “climate neutral”
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Per Capita Electricity Consumption

kWh/person
14,000
12,000
10,000
8,000
6,000 -
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== United States
2,000 == New York .
~4—California Danish
: average
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Global Energy Supply by Fuel

A massive carbon
Baseline & inertia

h/:lglgDOEAverage Growth / Yr.

2000 —‘&()13% %

300
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1980 2005 2030

Sufficient opportunities
exist

MBDOE
70
1.6%

60 Wind & Solar20

1980 2005 2030

Fastest growth,
smallest sectors

MSBDOE
8.8%

4
3 Solar 8.49
2
1

Biofuels 7.2%
0 1

1980 2005 2030
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Solar Energy for
Many Applications 5
Moscone Center, SF: 675,000 W

Residential Solar: 1000 - 4000 Watts/home
CA Solar Initiative/Million Solar Roofs:
3,000 - 10,000 MW of solar to be built

Kenyan PV market: Average system 18W

Largest penetration rate of any natjon
California Japan
2005 Annual PV Installations 50 MW 290 MW
Average Cost for Residential System  $8.8/Wac $7.4/Wac
Average Cost Reduction from 99-04  5.2%/year 8.9%/year

Renewable and Appropriate Energy Laboratory - raet.pe

keley.edu



Photoveltaic Technology

Development and

Dizsemination

Japanese “Sunshine” Program

b 40 billior

a0

Regional Promotion of New

Energy Introduction

total 23.8
pillion Yen

d0—————————————

70
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b
total-65.8

 billion Yen

y 80 billion

19290 1991 19292 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004



'r 1

ellSil ; ‘rl 5

I
111

fy
f

7
: /7 .-'.-' “'IIII ""
e .-",.f,.-' f
.":..-."

I/w,/}//

|.|

il i m

1N ﬁ ﬁzg

- ‘ # I'-|'1|.-|Ii. L
in Gérmany



Actual Growth vs. Historl¢ Forecasts

Figure 1.13 - World PV market forecast up to year 2010
(Figures beyond 1994 extrapolated by assuming overall market growth rate = 1l

E

= European Commissio
Directorate-Generale for E
200 - 'Photovoltaics in 201C

Made in 1994

Projected 26.6 MWp
too low (21%) for 1997

Anual shipmonts in MW

?

Actual
S S IR | | market- |
d A Njpa-

Grid-Connect. small scale

Miilitany) signalling - Water Pumpéng Cathodic protection
Solar Home Systems: Commumnic. Consumes Indoor
Grid-Connect. medium-large scale [N Camping Boating Leisure
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27 JANUARY 2006 VOL 311 SCIENCE  www.sciencemag.org

REPORTS

Ethanol Can Contribute to Energy

and Environmental Goals

Alexander E. Farrell,** Richard ]. Plevin,* Brian T. Turner,’* Andrew D. Jones,* Michael O'Hare,?

Daniel M. Kammen?3
Open access, online, biofuel calculator tools: http://rael.berkeley.edu/ebamm
L ERGBiofueliAnalysisiMeta-Model (EBAMM) - Mozilla Eirefox: _J_JE
File Edit ‘iew Go Bookmarks Tools Help Q

<}:I - - l%] @ .gu [ htip: ffrael.berkeley. edu/EBaMm/ @ co ([CL

EBAMM

ERG Eiofuel Analysis Meta-Model

The ERG Biofuel &nalysis Meta-Model (ERAMM)Y was developed by students and faculty of the
Energy and Resources Group and Richard & Rhoda Goldman School of Public Policy at UC
Berkeley to review the current state of biofuel energy analyses.

The paper was published in Scferce on January 27, 2006 and is available here. Use the links
below to download the paper, the spreadsheet model, and the supplemental materials.

+ Download the paper (175 KB)

+ Download the model (295 KB)
Contains energy and areenhouse gas (GHG) analyses of all papers reviewed, plus
summary sheets facilitating comparison between studies,
Requires Microsolft Excel or work-alike,

+ Download the Supplemental Online Materials (961 KB)
Contains detailed rmodel descriptions and a surmmary of errars and omissions found in
the studies reviewead.
Requiires POF flle viewer,

+ Download a zipped archive (1.1 MB)
Contains both the model and the supplemental materials.

Renewable and Appropriate Energy Laboratory - rael

.berkeley.edu



Ibs CO2/gal gasoline equivalent

An Alternative Fuel is Not Necessarily a
Low-Carbon Fuel, but it can be

60 -

BFT (Coal)

B Gasoline (Shale)

B Gasoline (Tar Sands)
BFT (Coal CCD)

B Gasoline

O Ethanol (Corn Coal)

O Ethanol (Today)

E Ethanol (Corn NG)

HE Biodiesel

@ Ethanol (Corn Biomass)
HE Ethanol (Cellulose)

O Ethanol (Corn Biomass CCD)
O Ethanol (Cellulose CCD)

-10 -
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Low Carbon Fuel developments worldwide

Renewable Fuel Standard (RFS)

United States: double biofuel use by 2012 to ~6% of gasoline.
UK Renewable Transportation Fuel Obligation (RTFO): 5% by 2010

Low Carbon Fuel Standard (LCFS)

California: regulations to be in effect 2010

Federal bills: Boxer, Feinstein, Obama, Inslee, etc.

European Union: monitoring in 2009, reductions start in 2011
United Kingdom: RTFO requires GHG monitoring, pilot in 2007
Others: BC, WA, OR, AZ, NM, MN, EU ...

Current and forthcoming analysis
Draft Carbon Reporting Methodology under the RTFO. E4Tech. Dec06
Sustainability Reporting within the RTFO. ECOFYS. Feb07
Creating Markets for Green Biofuels. UC Berkeley study. April07
AB1007 Well-to-Wheels Analysis. CEC/CARB study. May07
Low Carbon Fuel Standard for California. UC Berkeley/Davis. MayQ7

Renewable and Appropriate Energy Laboratory - rael.berkeley.edu



Sub-Saharan Africa’s wood-energy
consumption is the highest in the world

Primary production of biomass
energy in 2000 (1018 Joules)

Sub Saharan Africa 10.2

China 8.9
[ \Wood used for charcoal production
[—_1Wood used directly as firewood

India 8.4 [——INot in region
ZZ4ANo data

. . [J0 - 0.2 tons per capita
Latin America 3.2 [CJ0.2- 0.4 tons per capita

0.4 - 0.5 tons per capita
0.5 - 0.8 tons per capita
Source: IEA, 2003 0.8 - 1.0 tons per capita
I 1.0 - 1.5 tons per capita
I > 1.5 tons per capita

I'lR@nelgahle and Apprd



Expected Annual Deaths: Leading Causes for
African Child and Women

Millions of avoidable deaths; biofuels can be comparable to fossil fuels

800 BAU = business as usual
C = charcoal
. F = fossil fuels
600 - > R=RAPID
400 -
BAU C
200 -
F -=--RC
- == RF
O [ [ [ [ [ 1
2000 2005 2010 2015 2020 2025 2030
Year

Bailis, Ezzati & Kammen (2005) Science

Umvwéh(éw&tﬁrréa,éiﬁraewrj 6%\6}[1!&?51 W@Pl‘iate Energy Laboratory ¢ http://socrates.berkeley.edu/~rael




Land Required to Satisty Current U.S. Mobility Demand

CRP Land U.S. Cropland

(30 MM) (400 MM)
Status quo 36 gal Geq/ton, current mpg, no ag. integration, S tons/acre*yr 1,030
Advanced
processing 91 gal Geq/ton 410
Vehicle efficiency 2.5X1

B LDV

Biomass yield 2.5X1 L | HDV

Agricultural integration

I. Soy - switchgrass _ 10 Early-cut switchgrass produces more feed protein/acre
or large biomass soy : than soy; similar benefits from “large biomass soy”

1. Corn stover (72%) 5_50 Feasibility of stover utilization enhanced by rotation
1. Other Winter covér crops, other residues, increased product|V|ty
' of food crops increased productlon on under- utlllzed Iand
[ | |
0 200 400 600 800 1 OOO 1 200

New Land Required (million acres)

U.S. mobility demand, the largest per capita in the world, could be met from

land now used for agriculture while maintaining food production (L. Lynd)



Plug In Partners / e.g.
CalCars.org
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PHEV Off-Peak Electricity Demand

60 4

)

B
o
1

w
o
1

I Additional PHEV Load
[ ]Reference Load

Predicted Load Demand (GW
S
1

—_
o
|

0

| I I

A S K S <
» \o‘?‘ cov’s‘\ S (bq@‘ \@2\ {o‘,s* O Q)Q’é\ \62*
\\ N\ N

I Model: IPM
Additional load from PHEVs is small

PHEVs could be charged mostly via base-load filling during
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Choice of Electricity Generation - PHEV GHG Emissions

Conventional PHEV40
5085 oline Vehicle A
yd N
4001 onventiondl @ Upstream Electricity !

O Upstream Gasoline Prod
Vehicle Tailpipe

H

100

GHG Emissions
(grams CO,-eq/mile)

& & PN
(jf*’} 06’ &L
N O &
AL
CCS = Carbon Capture & Sequestration e Q\
Electricity emission factors based on average new plant in forecast period (IPM) é,&(’

Mid-size passenger cars shown, with conventional gasoline vehicle obtaining 25 mpg

Renewable and Appropriate Energy Laboratory - rael.berkeley.edu



The Cost of Nuclear Power from the U. S. Civilian Reactor Fleet

0.14

0.13

0.12

0.11

0.10

0.09

0.08

0.07 —

0.06 —

0.05—

Lifetime levelized electricity cost (2004$ per kWh)

0.04 —

0.03—

Shoreham
omanche Pk 1

Clinton

Nine Mile Pt 2
Beaver Valley 2
Hope Creek
Watts Bar 1

Columbia
Perry

Diablo Canyon 1

Vogtle 2

Diablo Canyon 2. .
Susquehanna 1

Reactor Type
= Bmlmg Water Reactor
] Pressmlzed Water Reactor

0.02

0.01

0.00

Reactor Cohort
A''1':'Wé's)_tir’ig’;’h’i)’l’js''é'&?t)t)'r\'llw """"""

South Texas 2

"South Texas 1

75 100

Hultman, Koomey & Kammen (2007) ES&T
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Global CO, Abatement Opportunities

2030
Coal-to-  Avoid

Cost of abatement

Industrial . :
EURACO. e feedstock substitution ) : CCS; gas shit geforestatlor
2 _ _ Forestation Soil coal Waste’ '8
40 Livestock/ CCS EOR; | Wind; retrofit -
Smart transit solls New coal | low Solar
30 Small hydro Nuclear Forestation pen.
20 Industrial non-CQO,
Airplane efﬁciency\ /
! g Stand-by losses ﬁ '

10 8§ 6 7 [8 9 10 11 12 13 14} 15 16 17 |18 19 20 |21 22 |23 24 25|26 27
ol Cellulose |Industrial Avoided Industrial
-30 Sugarcane ©hanol  non-CO, Co-firing ccs;  deforestation cCs
-40 biofuel biomass new coal merica
50 |
60 Fuel efficient vehicles Industrial motor Abatement
70 Water heating systems  GtCO,e/year
50 Air Conditioni
o [
100 JHNg S
110 Fuel efficient * ~27 Gton CO,e below 40 EUR/ton
- commercia = arig
Eg vehicles * ~7 Gton of negative and zero cost opportunities
140 o * Fragmentation of opportunities
Insulation improvements

-150
-160
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Comparing Cost Estimates

Estimates of total abatement
cost for the global society* Comparables
% of global GDP 2030 % of global GDP 2005

3.3

_____________

0.2

Defense Insurance Oil price  Global

spending spending increase foreign aid
(USD (ODA™)
+30/bbl)

550 ppm

450 ppm

* Lower boundary: Opportunities addressed in order of increasing cost and negative costs are set to zero; upper
boundary: Average cost EUR 40/ton

Renewable and Appropriate Energy Laboratory - rael.berkeley.edu



Technology Options and Costs to
Management Imperatives

Cost of abatement

FUR/CO,e
50 ! :_ R
T | 1 .
0 - (I | | .
0 5 10 15 20 25, 30
50 F |
100 | i i Abatement
= i | GICO,e/year in 2030
150 B | |
. . . - -\ v J
0 Policies/ e Long-term stable international e Mechanism to
standards system for power and industry drive selected
for buildings key
and 0 International system for agriculture technologies
transportation, and deforestation, linked to the down the
or a certificate overall developing world agenda learning curve
system

Renewable and Appropriate Energy Laboratory - rael.berkeley.edu



R&D (billion 2002%s)

Federal R&D Investments, 1955 - 2004

mDefense
ESpace

10Q@ mHealth
BEnergy
nGeneral Sci
BOther

12Q

@)
=)

o))
=)

I
=

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Margolis & Kammen, Science, 1999
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R&D (2002 $b)

If you think US public sector energy R&D funding is
doing poorly ...

8 -

6 1 —o— Public energy R&D
—e— Private energy R&D

4 A

2 -

1970 1975 1980 1985 1990 1995 2000 2005

Kammen and Nemet (2005)
“Reversing the incredible shrinking energy R&D budget,” Issues in Science & Technology, Fall, 84 - 88.

Renewable and Appropriate Energy Laboratory - rael.berkeley.edu



Patents and R&D Funding Correlated
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Kammen and Nemet (2005)
“Reversing the incredible shrinking energy R&D budget,” Issues in Science & Technology, Fall, 84 - 88.
And Nemet, dissertation, 2007



Renewable Energy Portfolio Standards

23 states + DC, and counting

MN: 10% by 2015 Goal +

Xcel mandate of VT: RE meets load
1,125 MW wind by 2010 growth by 2012

ME: 30% by 2000;
10% by 2017 goal - new RE

MA: 4% by 2009 +

1% annual increase
, |RI: 15% by 2020

: | CT: 10% by 2010 |

[ CA:20% by 2010 [ NY: 24% by 2013 |

| NJ: 22.5% by 2021 |
| *NM: 10% by 2011 | I

| PA: 18%! by 2020 |
[ TX: 5,880 MW by 2015 ] 20
'.‘| HI: 20% by 2020 | [ state RPs

| *MD: 7.5% by 2019 |
| *DE: 10% by 2019 |
|
=@ . [ state Goal
Solar water

DC: 11% by 2022 |
heating eligible

| *WA: 15% by 2020

AZ: 15% by 2025

* Increased credit for solar or other customer-sited renewables
PA: 8% Tier I (renewables)

Renewable and Appropriate Energy Laboratory - rael.berkeley.edu



Solar & Distributed Generation
Provisions in RPS Policies

| WA: double credit for DG

CA: 3,000 MW or more via
SB1 & Million solar roofs

[ | DE: triple credit for solar electric |
| MD: double credit for solar electric]

—
B
e

TX: 500 MW non-wind

| | i

DG: Distributed Generation O Solar water heating counts
towards solar set-aside

| NM: triple credit for solar electric

7
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tons CO2 equiv.

15 A

10

Summary of GHG Emissions for Typical U.S. Household
(LEAPS Results) 50 Metric tons of CO, equivalent gases

56% |Indirect
T pubiic trans® Direct |
B airlines
50 -
Auto
anufacturi 45 -
40
T otherfuels 35 [
- 1
' 30
2%
15 1 [
10 -
Natural :
cereals N
gas cohol & tobacc
Dair
y Total

ruit & veg

eaning supplies.'|
|

Clothing

healthcare

Transportation Housing Food Goods Services



gC equivalent / gProduct

Greenhouse Gas Emissions:
Lifecycles & Lifestyle Sources

(Jones, Horvath & Kammen, in press)

Qcheese
Q beef, pork, lamb
key

@) meat

®) dairy

®) fruit & veggies
O

clothing
& shoes

motor vehicles shack & other

milk and related cereals & bakery
tree nuts eggs products ® drinks

O o
O butter O goods
sausage & other ar;a (;f ciriclel
repared meats © = 7o O annua
et food prep oats average U.S.
O household
@) o . consumption
O . ’rlce OCOI"n sweeteners
© ‘chicken flour & mill products
I I I 1
500 1000 1500 2000 2500

gCO2 equivalent / $
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The Path Ahead

Clean energy sources today are evolving rapidly, but are a
small component of our overall energy system

Rapid growth of the clean energy sector will require a
coordinated commitment to technology push and demand
pull

Aggressive R&D will need to be coupled with strong support for clean
energy market expansion

Business and consumer involvement is vital

One California per year, at minimum, 1S needed, and we
must be successful in making AB32/Ex. Order S-3-05 work

Pricing carbon/greenhouse gas emissions is vital to moving
from sector support strategies to long-term sustainability
policies

Renewable and Appropriate Energy Laboratory - rael.berkeley.edu



Probability (ARI)

llIness Reduction Observed in Kenya
(ARI = acute respiratory infection)

0.15
Ceramic Wood Stoves
< > 3-Stone Fire
Charcoal < _.=®y
0.1 \RI
0.05 -
’ .’ __--= ALRI,
, e === 44 -
e o--"" L(}wer resplr?tory
c”__,—o ’-_______,---0Inectlansony
sy e e
O - T T T
0 2000 4000 6000 8000

Average Daily Exposure (ug / m3)
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